Rice is the source of important food in the world. The demand of rice tends to increase every year, thus research to increase genetic variation of rice by gamma irradiation has been conducted. This research aimed to study the influence of gamma irradiation doses on the vegetative growth, yield and quality. The randomized completely block design was used with two factors -gamma irradiation doses and varieties. Two rice varieties were Ciherang and Cempo Ireng, while doses of gamma irradiation consisted of six levels: 0, 100, 200, 300, 400 and 500 Gy. The results indicated that the treatment of 200 Gy gamma irradiation to Ciherang could improve the number of grains/panicle, protein content, degraded plant height and amylose contents. Gamma irradiation to Cempo Ireng at dose of 200 Gy could improve the number of grains/panicle, 1,000 grain weight, while it decreased days to 50% heading and plant harvest age.
Introduction
 Rice (Oryza sativa L.) is the source of important food in the world. The demand of rice tends to increase every year. In 2025, Indonesia's population will be projected to reach approximately 300 million, and very large quantities of rice will be required. In 2014, the Indonesian government has targeted rice production as much as 75.7 million tons of milled rice [1] . The developed potential of rice varieties is local rice variety Cempo Ireng. The local rice cultivars were long-lived and generally poor in crop harvest [2] .
Ciherang is commercial rice variety released in Indonesia on 2000. It is an indica rice with yield potential of 5-8 ton/ha, resistant to brown plant hopper biotype 2 and 3, resistant to bacterial leaf blight, height plant of 107-115 cm, plant age of 116-125 d, and suitable for land with altitude under 500 m above the sea level [3] . Cempo Ireng is black rice, with height of plant until 190 cm, the age of plant is 150 d, and glycemic index is low (50-60), but with high anthocyanin [4] .
The purpose of plant breeding is to improve properties of plants that superior to existing plants [5] . Wahdah et al. [2] declared that the high yield and early maturity age were the major factors in increasing rice production through plant breeding to support the sustainability of food security and self-sufficiency in rice.
The technique that could be used to obtain superior varieties is by crossbreeding and mutation [6] . The advantage of using gamma rays is the more accurate dosage and radiation penetration into cells is homogeneous. Mutation induction using irradiation produces more mutant (approximately 75%) when compared to using other treatments, such as chemical mutagen [7] . Mustikarini et al. [8] reported that gamma irradiation doses of 200 Gy can shorten plant harvest age, for example, 24 d on the local red rice, from Bangka Island, Runteh Puren. Harsanti and Mugiono [9] concluded that mutant strains of paddy variety Cimelati as a result of gamma irradiation have character of early duration and high production. [11] . This study aimed to study the effect of doses of gamma irradiation on growth, yield and harvesting age of rice Ciherang and Cempo Ireng, as well as to determine the dose of gamma radiation that could potentially generate mutant with better properties of plant origin, especially shorter harvest age and high production.
Materials and Methods
The experiment was conducted in July until December 2014 under the paddy field in Dlingo, Mojosongo, Boyolali. Ciherang seeds were obtained from Agency of Testing and Certification Seeds, Tegalgondo, while Cempo Ireng seeds were obtained from Sleman, Yogyakarta. The randomized completely block design was used with two factors-gamma irradiation doses and varieties. Rice varieties are Ciherang and Cempo Ireng, while doses of gamma irradiation consist of six levels: 0, 100, 200, 300, 400 and 500 Gy. The gamma irradiation procedure was performed at Centre for Application of Isotopes and Radiation Technology (PATIR), Indonesian National Nuclear Energy Agency (BATAN), Jakarta, following the steps described by Mugiono et al. [6] . Gamma irradiation was emitted from radioactive cobalt-60 ( 60 Co) using a gamma irradiator chamber 4000A in accordance with a predetermined doses. 
Results and Discussion

Effect of Gamma Irradiation on Plant Height
The property of rice plants with shorter height is advantageous quality in breeding rice plants. Based on the data in Table 1 , the higher dose of gamma irradiation causes the shorter plants in Ciherang rice.
According to Sasilakala and Kalaiyarasi [12] , plant height decreased with increasing doses of gamma irradiation with a linear pattern. While the different results are shown in Cempo Ireng rice (Table 1) , where the decrease in plant height occurred at gamma Means followed with the same letter in the same column had no significant difference on mood median test level of 5%.
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irradiation of doses 300, 400 and 500 Gy. Daeli et al. [13] declared that the exposure of gamma irradiation above 300 Gy could cause a short and dwarf plants. Cempo Ireng is likely more resistant to doses of gamma irradiation until 300 Gy (Table 1) .
Effect of Gamma Irradiation on the Number of Grains
The data in Table 2 showed that 200 Gy irradiation dose resulted the highest number of grains per panicle on Ciherang and Cempo Ireng rice (169.78 and 168.33, respectively). As shown in Fig. 1 , the results of the correlation analysis between panicle length and the number of grains per panicle showed that the panicle length was positively correlated with the number of grains per panicle with correlation coefficients r = 0.922. This shows that the longer of panicle length causes increase in the number of grains per panicle.
The research results of Gnanamurthy et al. [14] showed that 25 krad (250 Gy) of gamma irradiation produced the highest weight of 1,000 grains compared with other treatments. Based on the analysis in Table  1 , in Ciherang rice, 400 Gy and 500 Gy gamma radiation decreased the weight of 1,000 grains, while doses of 100 Gy and 200 Gy could be capable to increase the weight of 1,000 grains in Cempo Ireng.
Effect of Gamma Irradiation on Flowering Age
El-Degwy [15] declared that the doses of gamma irradiation had very significant effect on flowering date. According to Table 1 , the treatments of gamma irradiation doses showed different results on the varieties of Ciherang and Cempo Ireng. The Ciherang variety experienced almost the same age flower, whereas the variety Cempo Ireng on the treatment of radiation doses of 200 Gy and 300 Gy could potentially produce a mutant, which has a lifespan of early flowering. This indicates that mutation has occurred due to radiation exposure of gamma rays, which causes changes in chromosome structure, thus affecting emerge properties, i.e., flowering date. 
Effect of Gamma Irradiation on Harvested Age
Based on the correlation analysis, harvest age was positively correlated with flowering date with the correlation coefficient r = 0.994. This suggests that the longer flowering date would cause a longer harvest age, too. Sianipar et al. [16] stated that the dosage of gamma irradiation had significantly effect on the harvest age.
Based on the data in Table 1 , the harvest age of Ciherang rice in all treatment of gamma irradiation was not significantly different from the control. While the Cempo Ireng rice treated with doses 200 Gy and 300 Gy had a mean harvest age of 10-11 d earlier than that without the gamma irradiation treatment. Daeli et al. [13] declared that the average of the fastest harvest age appeared in the radiation treatment of 10 krad (100 Gy). The radiation could cause changes in the arrangement of chromosomes and DNA, thus stimulating the emergence of mutations that affect the metabolism of plant growth. One of the affected metabolism is the process of photosynthesis, so that the supply of nutrients which plants need to produce seeds affects the harvest age.
Effect of Gamma Irradiation on Biochemical Characteristics
One of the nutrients that reflect the quality of the rice yield is the protein content. Based on the analysis in Table 3 , the average of protein content in Cempo Ireng rice amounted to 8.12%, which is higher than Ciherang rice (7.67%). On Ciherang rice, the enhancement of protein content appeared on all of the radiation dose compared with controls. While on Cempo Ireng rice, increased levels of protein appeared at treatment doses of 400 Gy and 500 Gy. According to Widyantoro et al. [17] , 75 Gy gamma irradiation increased the protein content of corn 12% higher than the control. Dehpour et al. [18] reported that the difference in doses of gamma irradiation had a different effect on the biochemical characteristics of plants, such as, increased content of proline and protein.
In Ciherang rice, the treatment of gamma irradiation at doses of 100 Gy and 300 Gy could cause increase of amylose content, whereas the doses of 200, 400 and 500 Gy lead amylose content decrease (Table 3 ). In general, the treatment of gamma irradiation on Cempo Ireng rice could increase amylose content, except at doses of 200 Gy and 400 Gy. According to Ashwar et al. [19] , gamma irradiation dose of 200 Gy caused a decrease in amylose content of 23% to 20.62%. Decreased amylose content then affected the rice texture, i.e., causing that the rice texture becomes fluffier. The mean amylose content on Ciherang rice is 19.44%, whereas on Cempo Ireng rice is 15.53%. This suggests that the Cempo Ireng rice tends to be fluffier than Ciherang rice.
The anthocyanin level of Ciherang (white rice) was not analyzed due to its low content of anthocyanin. The analysis results of anthocyanin levels in Cempo Ireng black rice showed that the doses treatment of gamma irradiation of 100 Gy and 500 Gy increased the levels of anthocyanin compared with controls ( Table 4 ). The lowest levels of anthocyanin (4.213%) was found in plants treated with 200 Gy gamma irradiation, whereas the highest levels (52.174%) contained in 500 Gy. El-Sherif et al. [20] reported that the treatment of gamma irradiation at dose of 600 Gy increased the highest levels of anthocyanin in rosella (Hibiscus sabdariffa).
Conclusions
The results indicated that gamma irradiation at 200 Gy to Ciherang could improve the number of grains/panicle and protein contents, while it degraded the plant height and the amylose contents. Gamma irradiation to Cempo Ireng at dose of 200 Gy could improve the number of grains per panicle, weight of 1,000 grains and the plant harvest age.
